Background/Aims: We investigated the frequency of occult hepatitis B virus (HBV) infection in anti-hepatitis C virus (HCV)-positive individuals and the effects of occult HBV infection on the severity of liver disease. Methods: Seventy-one hepatitis B virus surface-antigen (HBsAg)-negative patients were divided according to their HBV serological status into groups A (anti-HBc positive, anti-HBs negative; n=18), B (anti-HBc positive, anti-HBs positive; n=34), and C (anti-HBc negative, anti-HBs positive/negative; n=19), and by anti-HCV positivity (anti-HCV positive; n=32 vs. anti-HCV negative; n=39). Liver biopsy samples were taken, and HBV DNA was quantified by real-time PCR. Results: Intrahepatic HBV DNA was detected in 32.4% (23/71) of the entire cohort, and HBV DNA levels were invariably low in the different groups. Occult HBV infection was detected more frequently in the anti-HBc-positive patients. Intrahepatic HBV DNA was detected in 28.1% (9/32) of the anti-HCV-positive and 35.9% (14/39) of the anti-HCV-negative subjects. The HCV genotype did not affect the detection rate of intrahepatic HBV DNA. In anti-HCV-positive cases, occult HBV infection did not affect liver disease severity. Conclusions: Low levels of intrahepatic HBV DNA were detected frequently in both HBsAg-negative and anti-HCV-positive cases. However, the frequency of occult HBV infection was not affected by the presence of hepatitis C, and occult HBV infection did not have a significant effect on the disease severity of hepatitis C. (Korean J Hepatol 2011;17:206-212)
INTRODUCTION
Occult hepatitis B virus (HBV) infection is defined as the presence of low HBV DNA levels in the blood, liver tissue, or peripheral monocytes of hepatitis B surface antigen (HBsAg)-negative persons. 1, 2 It has been reported that in individuals with occult HBV infection, the DNA level in peripheral blood is usually fewer than 10 3 copies/mL and as low as 1,000 copies per 1 µg of DNA extracted from liver tissue. [3] [4] [5] Advances in detection technologies in the past decade have allowed greater insight into occult HBV infection.
Occult HBV infection is divided into seropositive (anti-HBc (IgG) positive), and seronegative (anti-HBc (IgG) negative)
cases. It has been reported that the rate of occult infection is higher in seropositive cases. Additionally, the rate of occult HBV infection is higher in areas of high HBV prevalence 6 and in those with hepatitis C virus (HCV) or human immunodeficiency virus (HIV) infection. [7] [8] [9] Recent data showed that occult HBV infection was detected in 37 (41.6%) of the 89 patients with biopsy proven chronic hepatitis C. 10 However, reported frequencies of occult infection vary considerably, probably due to a lack of standardized diagnostic protocols; this results in different diagnoses being obtained from similar or identical samples. In this study, the frequency of occult HBV infection in the liver tissue of anti-HCV positive patients was studied, and the effect of occult HBV infection on the severity of hepatitis C disease were investigated.
MATERIALS AND METHODS

Subjects
This study included 71 subjects with chronic liver disease who were HBsAg negative. We performed liver biopsy for the diagnosis of underlying liver disease. Of them, 18 were antiHBs-negative and anti-HBc-positive, and 34 were anti-HBcpositive and anti-HBs-positive. The remaining 19 were anti-HBcnegative, of which 10 were anti-HBs-positive and nine were anti-HBs-negative ( Liver biopsies were conducted using the ACECUT ® Automatic
Biopsy System (TSK laboratory, Tochigi-Ken, Japan). We used an 18-gauge diameter needle and collected 5-mg specimens 15 mm in length. Biopsies were stored at below -70℃ until required. Specimens were sent for histopathological assessment by the Pathology Department. Intrahepatic HBV DNA was extracted using a QIAamp ® DNA Micro Kit (Qiagen Gmbh, Germany). Extracted HBV DNA was quantified by the real-time PCR method, using a LightCycler ® instrument (Roche Diagnostics, Germany) and RealArt TM HBV LC PCR reagent (Artus, Germany). According to the manufacturer, the assay detection limit was 3.5 IU/mL (18 copies/mL) and its specificity was assessed using a panel of 100 HBV-negative serum samples. We classified pathological findings on chronic hepatitis in patients with chronic hepatitis C into minimal, mild, moderate, and severe chronic hepatitis, according to Scheuer's scoring system, 16 and assessed the effect of occult HBV infection of hepatitis C disease severity.
Statistics
Data are expressed as the mean ± standard deviation, or n (%) anti-HBs (-), anti-HBc (+) anti-HBs (+) and anti-HBc (-) groups,
respectively. There was no statistically significant difference between them (P=0.442) (Fig. 2) .
Detection of intrahepatic HBV DNA according to the presence of anti-HCV Occult HBV infection and liver disease severity in anti-HCV positive patients
Intrahepatic HBV DNA was detected in 9 anti-HCV positive patients. We divided the 32 anti-HCV-positive individuals into 2 groups according to the presence of intrahepatic HBV DNA, and moderate (4) (5) (6) , and severe (7-9) groups, no significant difference was observed in the detection frequency of intrahepatic HBV DNA between them (P=0.918). The detection frequency of intrahepatic HBV DNA was not different according to the fibrosis (P=0.379) (Fig. 3) . Gender, age, and serum ALT were not significantly different.
Correlation of intrahepatic and serum HBV DNA concentrations of HBsAg-positive subjects
We used six HBsAg-positive subjects as positive control. In these subjects, blood HBV DNA concentrations varied from negative (below 18 copies/mL) to 1.98×10 7 copies/mL. Intrahepatic HBV DNA was detected in all six subjects at concentrations that varied between 10 5 to 10 9 copies/mg.
Additionally, intrahepatic HBV DNA concentrations were closely correlated with those in blood (r=0.77, P=0.001) (Fig. 4) .
DISCUSSION
The frequency of occult HBV infection may differ geog- The frequency of occult HBV infection differed according to which subjects received the test. It was reported that the frequency of occult HBV infection was as high as 30% when the subjects were patients with a chronic liver disease of unknown cause. 20 This suggests that occult HBV infection alone may cause pathological disorders. It is also known that occult HBV infection is frequent in those with chronic hepatitis C. The frequency varies from 30 to 50%. [21] [22] [23] [24] In another report, HBV DNA was detected in 90% of tested liver tissues. 25 Additionally, it has been reported that liver cirrhosis in chronic hepatitis C patients is more common in those with occult HBV infection 22 and that their serum ALT levels and histological activity are high. 24, 26 This suggests the possibility that occult HBV infection is synergistic with chronic hepatitis C in terms of development of liver disease. Moreover, it has been reported that in patients with primary liver cancer caused by HCV infection, the anti-HBc-positive rate was 69.6%, higher than the 38.2% in anti-HBc-negative chronic hepatitis C patients. 27 This suggests that if occult HBV infection accompanies chronic hepatitis C infection, the risk of liver cancer may increase. These data confirm reports that most HBsAg-and anti-HCV-negative primary liver cancer patients are anti-HBc-positive 28 and that intrahepatic HBV DNA is detected in most of these individuals. 29 On the other hand, some studies have reported no difference in serum ALT levels, histological inflammatory activity, or degree of fibrosis between patients with chronic hepatitis C accompanied by occult HBV infection and those infected with HCV alone. 29 In this study, intrahepatic HBV DNA was detected somewhat more frequently in chronic hepatitis C patients with F4 fibrosis, but the result was not statistically significant. Furthermore, no significant difference was observed in gender, age, serum ALT, degree of liver fibrosis, frequency of liver cirrhosis, or primary liver cancer whether occult HBV infection was present or not. It will be necessary to perform larger studies on the frequency of HBV occult infection in chronic hepatitis C patients to determine its effect on development of chronic hepatitis C or primary liver cancers.
Blood HBV DNA concentration in HBsAg-positive subjects was high (10 4 to 10 8 copies/mL), but in those with occult HBV infection patients it was below 10 2 copies/mL
The reason for the increasing interest in occult HBV infection is the increasing evidence of its clinical relevance. This can be divided into four categories: contagiousness of occult HBV infection, reactivation of occult HBV infection, its link to chronic liver diseases, and its link to hepatocellular carcinoma. 2 It is well-known that HBV infection can be excluded in anti-HBc-negative individuals, but in the present study, interestingly, intrahepatic HBV DNA was detected in some anti-HBc-negative subjects. In such cases, the possibility of false positivity may need to be considered, but according to one report, 31 hepatitis occurred after transplantation in 50% of patients who received livers from anti-HBc-positive donors and as well as in 1.7% of patients who received livers from anti-HBc-negative donors.
Transmission may occur through intraoperative transfusion, but this result suggests the possibility that occult HBV infection may be present in anti-HBc-negative subjects. Additionally, in anti-HBc-negative subjects, intrahepatic HBV DNA has been detected in 20% of anti-HCV-positive cases and 12% of anti-HCV negative cases. 21 Although it is unclear how anti-HBc appears negative in those with HBV infection, it is possible that anti-HBc is undetectable due to low serum antibody concentrations or that anti-HBc is not produced because HBV core protein is not expressed, due to genetic variation. 32 Another possibility is that hepatocytes are infected with such a small number of viruses that an anti-HBc antibody reaction is not induced. 23 In conclusion, this study found that intrahepatic HBV DNA was commonly detectable in HBsAg-negative subjects, and that a positive anti-HBc reaction is an important factor related to occult HBV infection. However, the frequency of occult HBV infection was not affected by chronic hepatitis C infection, and the effect of occult HBV infection on the disease severity of hepatitis C was not significant.
